Panel Heating and Cooling by Mahmoud, Mahmoud M.
PANEL HEATING AND COOLING 
' 
Nlllf£WUD. 
/I 
Bac;h.elor of Seio11.ce 
ll\.Lrou1z: I Uni v:ar: si ty 
~Alextl11dria, Egypt 
1951 
SuI,mitted to th3 F:stculty of the Graduate School of 
t~:1e ilgr.icrtl tv_r-,::1 'l:nd_ I'-'l.ec11c~~ti cal Gc,llege 
in P,::.:,c"!:;it:,l Fu1fil1Ineut. of the Hequil•pnEmts 
for tho Dogr3,'J cf 
I-t~STm.R c:F1 SCILl'JG}D 
::ay, 1952 
Tl1esis .l\y,_proved: 
Deen of the Graduate Schcol 
800305 
iv 
AOK.NOlJLEDGEt,IBNT 
The writer wishes to express his sincere appreciation to Professor 
R.R. Irwin of the School of Mechanica.1:, Engineering, Oklahoma Agricultural 
and Mechanical College, Stillwater, Oklahoma., for his valuable assistance 
rendered in the capacity of major adviser. 
He would also like to acknowledge the suggestions and cooperation '( 
7 
offered by the members of the Mechanical Engineering faculty, especially ( 
by Professor R. E. Venn., Head of the School of Mechanical Engineering, )) 
and Professor B. M. Aldrich. 
TABLE OF CONTENTS 
ACKNCMLEDGEMENT • • • • • 
-INTRODUCTION AND SCOPE 
THE HEATING AND COOLING SYSTEMS. 
THE HEATING AND COOLING LOADS 
THE HEATING AND COOLING DATA 
. . . . 
. . . . . . . . 
. . . 
. . . . . . . . 
. . . . . . . . . . . . . . DISCUSSION OF THE HEATING DATA 
DISCUSSION OF THE COOLING DATA 
GE!IERAL REMARKS AND RECOMMENDATIONS • 
APPENDIX • • • • • • • • • • • • • . . . . 
Page 
iv 
2 
9 
21 
30 
4.3 
47 
49 
53 
V 
vi 
SYMBOLS 
a = portion, expressed as a decimal, of the impinging solar radiation 
that is absorbed by the wall surface. 
A = area oi wall or roof', sq. ft. 
F = portion., expressed as a decimal of the absorbed solar radiation 
that is transmitted to the inside. 
H = total heat gain through a wall. 
Ht = heat gain due to e.ir temperature difference~ 
HR = heat gain due to S1.lll radiation. 
I = actual intensity or solar radiation striking the surface, Btu per 
hr. per sq .• , rt. 
U = coefficient of heat trans.mission, Btu. per sq .. ft. per hr. per 
degree difference in temperature between room air and outdoor air 9 

INTRODUCTION AND SCOPE 
~ Radiant Heating: 
The object of heating or cooling living spaces is to provide heal't;hful 
and comfortable conditions. The flow of hea:t between bodies may occur in 
one or more of three essentially different ways: direct contact, known as 
conduction; circulation of currents o.f gases or liquids, kno1,m as convec-
tion; and finally, passage of heat-c1.:1rrying rays through space without 
having any pronoooced effect upon its temperature, known as radiant heat, 
or radiation. 
Historical: 
Excavations uncovered the remains of many radiant heating systems con-
structed and used b,;J the early Romans. The fan1ous baths at Pompeii provide 
outstanding examples of engineering skill displayed in the design of these 
early warm air radiant heating systems. Wood or charcoal ·was the fueL The 
products of' combustion, wa:rm air and smoke, passed through stone cb.a_mbers 
under the :masonry floors. 
During the early par·!; of this century interest in radiant· heating was re-
vived by the use of hot water coils in Europe. The first of the modern engi-
neered installations appears to have been made in Britain under the direction or 
Professor A. Barker about 1907. Today, about two thousand installations of' 
this type are operating in France and England. In the United States, radiant 
heating became .firmly established with the first noteworthy installations in t1 
small village sehool at Glen Park, Indiana, in 1909, and in a large Chieago 
garage in 1912. 
Heat Radia;!;ion and Human Comf.ort ~ 
Healthful comfort requires that heat shall escape from the human body 
at the same rate it is generated. The normally active human body generates 
heat at the rate of 500 Btu/hr. approximately. As only 100 Btu/hr" are re-
quired for internal, functional energy, the rate of heat dissipation is 400 
Btu/hr. Any greater rate of dissipation causes a sensation of coldness, any 
lesser rate a feeling of hotness. Under normal conditions nat~e maintains 
a proper balance in accordance with the following table of heat dissipation: 
190 Btu/h~ by radiation, 
110 Btu/hr by convection and evaporation, and 
100 Btu/hr by exhalation. 
400 Btu/hr 
The body has other methods of disposing of heat but these are of negligible 
importanee. With heat being dissipated at the previously mentioned rate 
a.nd in the proportions indicated, the temperature of the body will remain 
normal at 98.6° F and an average ov.era.11 tempera·ture of the exposed parts 
or the body and clothes at.81° F. 
However, in summer, when the outside temperature is high the avel"age 
temperature of the exposed parts of body and clothes is also higher. Most 
people during the summer vear thinner and fewer clothes, so that a greater 
part of the body is exposed and, consequently, the average surface tem-
perature is higher than for the winter time. This average temperature is 
found to vary between 85° F and 89° F depending on the amount and nature of 
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the clothes, the temperature of the surrounding air surfaces, the air motion 
and a few other minor factors. Obviously the body will lose heat by convec-
tion to any surrounding atmosphere with lower temperature and by radiation 
to any adjacent solid su:rfacet;, walls, ceiling, floor, etc, having a lower 
temperature. '.l'his latter tempera.tu.re is called the Menn Radiant Temperature. 
The single basic requirement of a heating or cooling system is to es-
tablish such conditions in any area so that tLe occupants will lose their 
heat through convecti(m and radiation at a 1:1.t'liform hourly rate of' approxim.at-
l31y 300 B"t, u. 
Advantages of l'!: Panel System: 
One of the outstanding advantages of panel heating systems is that the 
system is not apparent in the living quarters. This appeals very strongly 
to the architects and to the home owners. Also, thermal air currents are 
snbste.ntially reduced and less dirt is picked up to be deposited on walls, 
ceiling or draperies. This cleaner air est,ablishes more sanitary condition 
in the home as the?e is a lesser concentration of the dust ... borne disease 
germl3 in the air. Finally, the oporatin.g economics of cb.~culating water 
:may he utilized in the po.nol heating system. 
Panel Location: 
Panels may be located in the ceiling, in the floor, in walls, or in uny 
combination of the three. At present there are two general preferences, one 
is to use the floor location and the other favors the ceiling. 
If the panels are in the floor, then it is necessary to :maintain a floor 
temperature below 90° F to avoid over heating the feet. Such a floor will 
emit about 35 or li.O Btu per hour squ..'ll'e feet while if we locat,e the coils 
0 
in the ceiling, the ceiling temperature can safely be raised to about 115° F .. 
If these figures are applied to the experimental house, which has a floor 
area of 406 square feet, it is essential that the heat loss in the '!:ralls, 
ceiling, 'W'indows, infiltration w:i.11 not exceed 16,000 Btu/hr at most. This 
means, therefore, that the construction of the house definitely must be check-
ed bef"ore a floor panel system is applied. .• 
On the other hand, if the coils are located in the ceiling, the ceiling 
temperature may safely be as high a..s 115° F. This temperature :now raises 
the maximum heat loss or emission to about 40,000 Btu/hr. 
It is apparent that a wall panel installation . is a compromise bettreen 
the .floor and ceiling locations. Its main disadvantage is the presence of 
furniture which partly annuls the heating effect from the wall radiations. 
The heating load o.r the experimental house was found to be about 35,500 
Btu/hr. This, of eourse, eliminates the possib:i.lity or using the floor panels. 
On the other hand, the ceiling panels a.re barely adequate., If a wall .instal-
lation is added to the ceiling systems then the combination should be satis-
factory for the heating load. 
For these experiments both the ceiling a.nd wall installations were used. 
Some of the testing vra.s performed vith both panels in operation and the re-
mainder of the testing with only the ceiling coils supplying radiant heat. 
During the period February 24, 1952 to March 4, 1952, both panels were in 
operation while during March 5, 1952 to March 26, 1952, only the ceiling panels 
were used. 
The purpose of this work is to compare the effect of the ceiling instal-
lation with the ceiling and wall combination .for comfort and distribution 0£ 
heat throughout the room. 
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'r:f-IB HEATING .blW COCLIHG SYSTZHS 
Fig. 2. 
THE HEATING PLANT 
The heating system is installed in the storage room on the south aide 
of the apartment.. The system consists of the following components: 
1. TI1.2 Boiler: The vertical fire-tube steel boiler (Fig. 2) for heating 
the circulating water is located in the middle of the storage room. It is 
gas fired and has a rated output of 77 ,ODO Btu with a gas input rating of 
144,000 Btu/hr. The boiler has a heating surface of 19 sq •. rt., a fire bo.x 
volume of 2.9 cu. rt. and a shell diameter of 20 inches. 
2. The ~; A small centrifugal J>ump is used to circulate the heating 
water. It is belt-driven by a 3/4 hor;e-pouer Genel'al Electric motor run-
ning at 1725 R. P.. M • 
.3. ~. Piping: Figure II A'1 and Figure 3 show the piping system, the con-
nections to the heating coils, the valves, and the method of venting. 
METHOD OF CONTROL 
If the outside temperature drops eon.siderably, the drop will not be 
detected by the room thermostat valve until some time has elapsed. After 
the room thermostat responds to the cold b.Y increasing the heat to the 
circulating water there will be an additional delay before t.he heat is de-
livered to the space. Then, after the temperature or the pan.el rises, the 
panel will continue to emit heat to the room for some time after the 
thermostat cuts o:rr the heat because of the heat storage ea.paeity of the 
eirculating water. To a.void the uncomfortable conditions encountered in 
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both of these cases, the following method of control is applied to the sys-
tem. An immersion thermostat is installed in the hot water supply main so 
that it will be directly affected by the hot water circulated to the radiant 
coils. 
An electronic re~ay picks up the responses of this thermostat and 
operates to control the gas burner in the boiler. The outdoor temperature 
variations are also transmitted to the relay through the outdoor thermostat. 
~ Thermostat: 
A sensitive electronic room thermostat is placed about 4 feet from the 
floor on the middle of the south wall of the apartment. In this location 
it is far removed from any outside door cold drai'ts, far from any appliance 
giving out heat and is unexposed to any possible mechanical injuries. It 
is also quite near the breathing level of people sitting or sleeping in the 
apartment. 
Outdoor Thermostat: 
This is a wall mounted device used in the electronic control system to 
measure the outdoor temperature. It is mounted high on the outside north 
wall in a shaded place and out of reach of inquisitive fingers. 
Both the room and the outdoor thermostats aro manufactured by Minneapolis-
Honeyvell. 
The Control Circuit: 
Fig. B shows the control circuits and its connections to the mechanical 
system. It also sho s the location or the electronic relay and the switching 
relay in the circuit. These are also shown in Fig. 5. 
. 
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~ Temperature-Recording i.9l: ~Heating~: 
Six thermocouples are strategically located in the apartment to mea.sure 
the tempere.ture variations.. They are located on ·the following surfaces: 
the floor, the east wall, the wall pipe, the ceiling, the ceiling pipe and 
the water pipe. These thermocouples are connected to a. potentiometer as 
sho1rm in Fig .. 5 on which the temperatllt'es can be read at any time •. 
~Control~ Tem;eerature Recording for the Cooling S-ystem: 
The cooling load data were measured before the control system wa.s placecl 
in operation. The cooling water adjusted its temperature according to the 
cooling load variations. 
The recorded data were collected by using three temperature a.nd humidity 
recording instruments. One of them was placed inside the apiu-tm.ent, one 
outside in the shade and the third to record the temperatures of the inlet 
and outlet cooling water.. .Although the first two instruments recorded the 
humidity, the recording is not precise because the ins·truments were not 
oali.brated .• 
,J • 
THE COOLING TOWER. 
THE COOLING SYSTEM 
1. Cooling Toyer: 
A small cooling tower wbieh is located on the north east side of the 
apartment is primarily used for cooling the circulating wate1.. during the 
summer time. From the temperature recordings of' the inlet ru:ad outlet cool-
ing water to the coils it may be seen. that the water is cooled from 4 t-o 6 
degrees ,dthin the cooling tower. 
2. ~ and Motor: 
The same pump and its motor which are used for circulating the heating 
water are also used for circulating the cooling water. 
Two valves have been used in the water pipes to by~pass either the 
cooling tower or the boiler as occasion requires. 
Fig. 7 shows a picture of the cooling tower used .• 
Fig. 4 shows the circulating pump together with its driving motor ru.Jd 
the main pipe lines. 
THE PANELS. 
THE HEATING AND COOLING LOADS 
Calculations of both the winter heating load and the summer cooling 
load are presented here to illustrate the requirements from the heating 
and cooling systems and to discuss their ability to carry these loads. 
De sj,gp Temoerature s: 
Outside Tempere.ture == o0 l!', 
Roon Temperature == 70° F. 
Aro~ of floor and ceiling ::::: J,1.L¥ SCJ. rt. 
kcea of erist ~ anc, west walls = 160 sq. ft. 
Are~, of north and south walls ::;; 162.6 sq. ft. 
Area of north 1,1.aJ.l glass :::: 19..1 sq. f't. 
Jl ..rea of west wall glass ::;;; 24.8 sq .• ft. 
,t~r.ea of east we.11 glass = 19.1 sq. ft. 
ltrea of outside door :::;: 19.5 sq .•. ft. 
•rotal area. of glass 
-
63. sq .• ft. 
Total area of exposed walls 
-
l;,82.6 S(i• ft. 
Net aroa of exposed walls 
-
/,82.6 
-
63 
::::: 1¥19.6 sq. :ft. 
Area of cold partitions 
-
162;.6 sq. ft. 
Coefficient of heat transmission for floor = 0.30 Btu/hr sq. ft,. 0 }!' 
Coefficient, of heat transmission for ceiling 
-
0.20 Btu/hr sq. ft. 0 1"'. 
Coefficient of heat trtmomi ssion i'or walls ;;;: 0.06 Btu/hr S<l • ft. 0 F. 
Coefficient of' heat transmission for the cold parti tio:ns 
;;:.:;. 0 .. 12 Btu/hr sq. rt. ° F. 
Coefficient of heat for transmission for the windows 
= 1.13 But/hr so. ft •. ° F 
.. 
Coefficient of heat transmlssion for the door = 1.13 Btu/hr sq. ft. °F. 
Infiltration factor for windous, for 70° F temperature.-differenee 
= 1/;0 C.F .. M/}"t erack. 
Infiltration factor for the 0001", i'or 70° F tempereture-dif'ference 
= 280 C.F.M/Ft crack. 
Btu loss fron exposed ualls :::: 419.6 X 0.06 :X (70 - 0) 
= 1760 Btu/hr, 
Btu loss from the cold partition = 162.6 x· 0 .• 12 x (70 - 0) 
= 13''/0 Btu/hr. 
Btu loss from the floor ::; t.;14 x 0 • .30 x {70 - 0) = 8700 Btu/hr. 
Btu loss .f.ror:i the roof =:: ,4.1!~ x 0 .. 20 x (70 - 0) = 5800 Btu/hr. 
Btu loss i'rom the windows = 63 x 1..1.3 x (70- - 0) = 5000 Btu/hr. 
Btu loss from the door = 19.5 x L13 ::c (70 - o) = 1540 Btu/hr. 
Btu loss due to infiltration from the windows 
Btu loss due to infiltration from the door 
Total Btu loss of the house= 35,500 Btu/hr. 
= 49 x ll,0 = 6850 Btu/hr.\ 
;;: 19 x 280 = 4500 Btu/hr. 
21~ 
CALCULA'l'IHG 11.ili ffO}!M:ER COOLHJG LOAD 
Calculation of Heat Gain per Square Foot 
of WaJl s and Glass 
-·-· ------::::)~:u71}r:.• ;i~ 
T:i.t"le Time of' I dT U F l1t HR H 
--------·=lo._@ .. f:lQur~ 
East Wall 0 :; AM l,,, ,A1"l 0 8 0~06 0.0133 0..1,.8 0. 0 .. .4-80 
(5 hrs. 11 AH 6 la"'" C·'! 56 5.11. 0.)21., 5.510 0.734 
lag) 3 Pl,1 10 Al:-I 152 19.2 1.15 Ji;..70 15.85 
5 PH 12 Noon 26 25.7 1.54 2.51 L;.05 
-28.5 '° 7 P'' 2 PH 23,5 ,o 1&71 2.27 3.98 d 0"" 0 
. 
1.805 1.64. 9 Pi,;f 4 17 30.1 0 3 .l;l .. 5 
II 
Glass 9 Al'J 195 13.9 1.13 ,u 15.?0 11.30 27.0 
" n 
(Vene- 11 li.M 91,. 22.5 f,:,i 25 .• l,O 54,.55 ?9.95 
"-" 
tian 3 PH 21 29.7 J.3.60 12.18 l,{5.78 
Blinds 5 Pitf 11 29.5 33.30 6.38 39.68 
587& I) 7 PM'. 2.5 24.5 27.70 1.45 29,15 
9 PM 0 1g.2 2.5. 55 0 20.55 
.~_,.,..,.,....~~---~···.x.o<'_._.,.,._..,.~ .... ------·····,,,,.,_,.~ =-~""_......,_""'" 
Caloulation or Heat Gain per Square Foot 
o.f Walls and Glass (continued) 
BtJJLhr. Sg .. Ft. :: 
'.l.'ime Time of I dT u F Hi HR FI load so~ee ,.,.._._ 
.. -
West Wall 9 AH !,. Jf,f i~.t 0 g 0 •. 06 0.0138 0.!}8 0 0.480 
(5 hrs. 11 AN 5 AH l;,• 5 5.,4. 0 • .32!~ 0.434 0.758 
lag) 3 PM 10 lll'l 2.3.5 19.2 1.15 2.27 .3.42 
5 p;.r 11) ,:. Noon 26 25.!? 1. 5/i, 2.51 L: .• 05 
-7 p:,r 2 PM 152 28.5 ,o 1.71 L4.70 J-6.41 
'° a-. 0 
22.185 9 p·~ 4. p:;,1 211 ;10.1 • 1..805 20.38 /.'1 0 
Glass 9 ;u~ 'l 21 13.9 
II 
1.13 d 15.70 12.18 27.83 
(Vane- 11 AH 25 .. 5 22.5 M !:r.t 25.40 11}. 78 40.18 
-
tim1 J P1-'r 195 29.? 33.60 11.30 41.,..90 
'Blinds 5 PM 162 29 .• 5 .33.30 94 127.J 
58% I) 7 P?-1 6 24.5 27.70 3.48. 31.18 
9 PM 0 18.2 20.55 0 20.55 
26 
Calculation of Heat Gain per Square li'oot 
of Walls and Glass (continued) 
Time Time o:f I dT u F Ht Ha H load source 
North Wall 9 .AM 4 AH 0 8 0.06 0 .. 0138 0 .. 1+$ 0 0.480 
(5 hrs .• 11 AM 6 AM 49 5.4 O.J2Li- 4.73 5.0,4. 
.lag) 3 PM 10 AM 54 19.2 1..15 5.22 6.37 
5 PH 12 Noon 26 25.7 1.54 2 .• 51 4.05 
-
......... 
'° 7 PM 2 PM 23.6 28.5 '° 1.71 2 .. 27 .3.98 
°' 8 
9 PH 4 PM. 17 30.l .. 1.805 1.644 J.1'45 0 
IJ 
Glass 9 AM 102 13.9 1.13 d 15.70 59.20 74.90 
w 
(Vene- 11 A~! 28 2.2.5 r::.. 25.4 16.24 L1.1. 6/.r. 
-
tian J PH 21 29.7 3-3.60 12.18 45.78; 
Blinds 5 PH. 11 29.5 33.30 6.38 39.68; 
58% I) 7 PM 2 •. 5 24.5 27.,70 1.45 29.l;f 
9 PH 0 18.2 20.55 0 20.55 
Calculation of Heat Gain per Square Foot 
of Halls a..'fld Glass (continued) 
Time Time of I dT u F Ht Ra fl 
load sou:i.~ce 
.... 
South Wall 9 /u1 /.:. Ar1 8 0.06 0.48 0.48 
(5 hrs. 11 AM 6 AH 5.4 0.324 0 .. 324 
lag) 3 PH 10 AM 19.2 1.15 1.15 
5 PH 12 Noon. 25.7 1.54 1.54 
7 PM 2 PM 28.5 1.71 1.71 
9 PM 4 PH 30.l 1 .. 805 1.805 
:Roof 9 AU 7 AH 0.2 
(2 hrs. 11 AM 9 Ai-I. 
1~) I!"'! 3 PM 1 PM 0 
I,(\ 0 1.(\ 0 5 PM 3 PM ll •· r-1. 
i-J 
. 
7 PM 5 PM H II .. 
,-... 
~ffl 9 PU 7 PM E-1 ltj 
-
Calculation of Heat Gains 
in the House 
-------·----
.P,rea of II:a.st nnr1 tJost Ualls 160 sq. ft . 
Area of North a11d South Hallo - 1&'2.6 sq. ft. 
1',:rt~a of floor a.nu Ceiling 
Area of East \foll Glass 
-
19.1 SC!• ft .. 
Arca of Hest \Ja11 Glass 
-
21: .• 8 S{l~ ft. 
Jtt'ea of J:Jorth Uall Glass 19.1 sq. 
------~----------------·---------
3 PYJ 9 Pvt 
-----
East Hall 76.8 11?.3 650 637 552 
l~ast Glass 515 1522 8?5 757 556 392 
Host I}all 76.8 650 262 355 
West Glass 690 995 111 31J:2 ??l 507 
South t·Je .. 11 73 52.6 1S7 250 278 293.5 
1,554 455/,,. 4554 4554 
73 822 1035 660 560 
.North Glass 1.(30 795 875 757 557 J92 
--~. ·-------· -·. ----·-----
'7A98.6 397e).J 10721, 11L;20 8263 3505,5 
-·. .. .. -,~. --------- ... --.-,-..... _..,,.-,,.,,..""""""'_· -·-·----·---~~--,·------.,~----"'= __,,__ 
Occupcmt.s: 
Sensible Heat Loan z I,,, x 300 = 1208 Htn/ln·. 
= l,.. ::r: 100 - 1+00 Bta/hr, 
-------
Total 1600 Btu/hr. 
Lighting~ 
To calculate the heat eains due to lighting in the apartment an illv.illi-
nation or 2 watts per square foot of the floor ares. is assumed. Mo larger 
demand for eleetrieal lighting is expected during the time of maximum cool-
ing load. Therefore, the lighting effeet is 2 •· 414 • 3.41.3 = 7780 Btu/hr. 
Infiltration: 
If 2 air changes per hour are assumed for the apartment which has no 
windows on three sides, the sensible heat gain due to infiltration in the 
apartment can be found to be 
2 • 3100" 29.5 
= 
55.2 = 3310 Btu/hr. 
Therefore, the ma.ximlJlll cooling load in the apartment may be found to be 
- ll,,420 + 1600 + 7780 + 3310 = 24,110 Btu/hr. 

Tifil HEA'l'DJG DATA 
}lUN I: Using Both the Ceiling and Wall Panels 
·- -· Date 
Sunday 
r'/'!/5F} 11: 30 lHI 37 66 91,, 95.5 93 92 9L;. .. 5 ,:. ,:;,,] .. ,:... 
J; 00 Eli ".)') :;_; 68 91+ %. 90 90 93 
12;00 P'l:1 --3~ 70 93 92 (}Q U/ 87 92 
Honday 
2/25/52 10:00 .AH 30.5 62.5 99 100 98 96.5 102 
3: 00 P:1 38 6!,,, 97 97 95 93 100 
6:00 PM 35 63 Ot; .// 96 93 91 91.i, 
Tuesday 
2/26/52 8:00 "- 67 96 96 9L~. 5 92 95 --'~ 
12;00 Noon 39 65 91 .. 94 91 90 9.3 
7:00 PM .37.5 70 93 92 90 90 94 
Hednesday 
2/27/52 9: 00 A1:I 35 63 80 80 79 79 82 
12:00 Noon 57 67 88 83 81.5 79 105 
6:00 PM 67 70 92 92 93 92 91 
Thut· sclay 
2/28/52 9: 00 J\.}:l L,.3 64 85 86 Bl 81 92 
4:00 PM 60 69 $8 89 86 (55 95 
Friday 
2/29/52 10:00 AH .36 63 103 102 100 99 102 
7:00 PM 36 68 99 99 95 9L'r 98 
St"turday 
3/1/52 10:00 A.:;\1 
--* 62 105 102 99 95 105 
7:00 PM 
--* 62 96 98 94 94 97 
Su.n.clay 
3/2/52 12:00 Hoon 5? 68 90 88 .'35 85 100 
Tuesday 
3/~/52 J: PM --* 67 98 96 96 95 102 
8: P}1 
--* 69 95 95 93 94, 98 
------~- - -
\.,J 
I-' 
* 'l'hese temperatures could not be recorded by the ?1Ieteorological Department. 
TEIB lrn~NrING ~ 
.HtJ"lJ II: Using the Ceiling Panels Only 
Date . 1':lme Outside Ten1P • Floor Jlall-P::llli:L_ Wall Ceiling-Pipe Cei.ling .~~. Ws.ter-Pi.D_e 
Wednesday 
3/5/52 11:00 l~M 
--* 6.3 106 106 102 99 107 
6:00 PM __ 1; 67 99 99 97.5 96 108 
'rl1ursday 
J/6/52 9; 00 AJi.l 
__ {} 62 82 83 116 108 125 
3:00 PM: 
--* 65 88 87 102 101 106 
Saturday 
3/8/52 10:00 AM 
--* 64 104 10,~ 110 110 120 
7:00 PH 
--* 70 92 92 98 97 107 
Monday 
3/10/52 9:00 AM ---* 65 80 80 80 80 80 
6:00 PM 
--* 65 82 82 84 84 84 
Tuesdh 
3/11 52 ·11:00 A~1 
--* 66 74 74 ?Lr 74 74 
5:00 PH i< --n 70 78 78 78 78 78 
Wednesday 
3/12/52 1:00 P:'4: 60 70 78 76 94, 86 125 
6:00 p;,,1 54- 70 85 85 92 92 105 
Friday 
3/14/52 12:00 Noon 40 65 84 84 112 110 115 
6:00 PM 41.5 68 ·se 88 98 99 104 
Saturday 
3/15/52. 9:00 A:,:i 35 63 77 77 92 811- 125 
12:00 Noon 42 70 84 85 96 98 98 
Tuesday 
3/18/52 9: 00 A;.'\f 
-* 65 85 85 94 94 98 
3:00 PH 52 6? 83 8.3 89 89 100 
Saturday 
3/22/52 J:00 PM 34 66 ?9 79 87 86 90 
6:00 PM 30 68 83 82 8,4, 84 95 
Wednesday ~ 
3/26/52 10:00 AM 50 66 82 82 105 102 10$ 
-
- "d"l"i,·.>! Lt ... ~ .... -~. 
* l'he~e tempere:tures could not be reeorded by the ffoteoroloi3icc..l Depi'lrt,1.ent. 
CQCJLINQ QA.TA 
2:00 5:00 8:00 11:00 2:00 5:00 8:00 11:00 
Date TemEgrature HAM AM AM AM . :PM PM PM PM 
1951 
July 22 Outside temp. 77 74 81 88 96 97 88 74 
Room temp. 76 74 75 78 80 82 80 78 
Inlet wnter temp. 
Outlet water temp. 
July 23 Outside tomp. 77 71 75 86 90 51 80 76 
Room temp. 76 75 75 76 87 78 78 76 
Inlet water temp. 
Outlet water temp. 
July 24 Outside temp. 74 71 78 85 86 85 80 77 
Room temp. 75 74 74 75 77 79 97 77 
Inlet water temp. 
Outlet water temp. 
July 25 Outside temp. 74 72 77 85 90 90 83 78 
Room temp. 75 74 74 75 76 79 80 78 
Inlet water temp. 
Outlet water temp. 
July Z7 Outside temp. 
-- -
80 89 92 89 84 79 
Hoom temp. 
-- --
73 75 77 79 79 77 
Inlet water temp. 
Outlet water temp. 
July 28 Outside temp. 76 74 87 91 94 92 82 78 
Room temp. 75 75 75 76 78 79 7$ 76 
Inlet water temp. 
-- -- -- -
80 80 76 73 
Outlet water temp. '9!111-
-- ·-- --
82 82 81 so 
\;J 
'-" 
COGLING I2A.IA ( continued) 
2:00 5:00 -8:00 11:00 2:00 - 5:~ 8:00 11:00--
Date _ Teruperature -· AM 4M AM AM PH ~ _ PM __ p_·I:.::.4 ___ _._Pl"""!f. 
1951 
July 29 Outside temp. 
Room temp. 
Inlet water temp. 
Outlet water temp. 
July 30 Outside temp. 
Room temp. 
Inlet water tenp. 
Outlet water temp. 
July 31 Outside temp. 
Room temp. 
Inlet water temp. 
Outlet water temp, 
Aug. l Du tside temp. 
Room temp. 
Inlet water temp. 
Outlet water temp. 
Aug. 2 Outside temp. 
Room temp. 
Inlet water temp. 
Outlet water temp. 
Aug. 3 Cutside temp. 
Room temp. 
Inlet water temp. 
Outlet water temp. 
75 
7L,. 
71 
77 
75 
74 
72 
77 
76 
74 
72 
77 
72 
73 
71 
77 
73 
73 
71 
77 
77 
74 
71 
77 
75 
74 
71 
77 
72 
74 
71 
77 
75 
74 
71 
77 
72 
73 
71 
77 
70 
73 
70 
76 
72 
7/~ 
70 
76 
78 
74 
73 
77 
78 
74 
74 
77 
78 
74 
74 
77 
76 
74 
74 
77 
80 
73 
73 
77 
82 
74 
75 
76 
88 
75 
75 
79 
92 
76 
75 
79 
74 
74 
77 
80 
86 
74 
72 
77 
93 
75 
76 
78 
75 
76 
80 
90 
76 
79 
80 
94 
77 
77 
80 
79 
74 
78 
81 
88 
76 
76 
78 
97 
76 
78 
80 
77 
79 
33 
90 
79 
75 
81 
94 
78 
77 
80 
79 
75 
79 
81 
89 
77 
80 
82 
97 
78 
78 
81 
79 
79 
81;, 
81} 
77 
77 
79 
85 
78 
75 
79 
76 
75 
78 
82 
80 
75 
78 
81 
87 
78 
76 
79 
79 
78 
81 
79 
75 
75 
78 
80 
76 
73 
78 
74 
7/,. 
74 
79 
75 
75 
75 
78 
80 
76 
73 
78 
77 
77 
79 
-·· "-----··---------
Dnto '1'emper,c.,.tnre_ 
1951 
. 4 Cratsidc: . 
. 5 
Aug. 6 
• 7 
Aug. 8 
Aut~• 9 
t.om.r)w 
Inlet wat'::lr tsmp. 
Outlet wat-;r ter1p. 
Cutside 
Re:om tm'lp. 
Inlet uatcr 
Cutlet wat:::,r-
CJutsid:3 ternp. 
Room temp. 
inlet 1,1atc?r ternp. 
Cutlet water temp. 
Cu t::n.de tGmp. 
Room tenp .. 
Inlet uater ter1p. 
1:;utlet water teup. 
Cutside temp. 
Room temp. 
Inlet 1 . ;rater 
Outlet Wt::ter temp. 
Cutside temp. 
Hoom temp. 
Inlet water 
Outlet water temp. 
2:0C 
76 
73 
7"' ,, ·~ 
77 
76 
75 
80 
81 
77 
75 
80 
76 
75 
SL, 
75 
71 
7'7 
76 
75 
73 
78 
CCOLilcJG DATA ( continued) 
5:00 
lt'M 
75 
73 
77 
75 
76 
74. 
79 
78 
t76 
74 
79 
/f6 
72 
78 
80 
74 
72 
77 
'71 
74. 
69 
76 
----~-·---- ·- .. -~---------· 8 :00 11:00 2:00 5:00 8:00 11:00 
.AM J\}1 PM Ilf PM l"JIJ 
--~ - -- -
S:2 
i-,/' 
ro 
78 
so 
84 
76 
75 
79 
86 
76 
76 
79 
75 
75 
80 
76 
74 
72 
77 
70 
73 
1::.0 
"-..J,,t 
75 
91 
7,., (.) 
82 
94 
7,,, 0 
80 
81 
,;1g 
78 
76 
7(> 0 
76 
77 
80 
77 
7~, 
72 
77 
72 
68 
74~ 
98 
79 
79 
Sl 
100 
79· 
81 
79 
,;;;\,('), 
Vt., 
')' '2 
... ..,, --' 
81 
79 
79 
73 
72 
76 
97 
?9 
79 
81 
100 
80 
131 
85 
f:10 
1C3 
8' 3-
95 
91 
80 
79 
1:32 
84 
75 
76 
y?8 
87 
79 
8 ,:, ) .., 
80 
82 
80 
i.33 
93 
79 
80 
83 
;'1 
c.....) . .l.,. 
7q 
7(.. ,,, 
t31 
'78 
76 
75 
? Q• Cl 
85 
78 
77 
81 
,S5 
78 
74 
79 
78 
78 
82 
C;,,:JI 
OU 
77 
Nr"'). ( z;; 
82 
78 
77 
73 
79 
74 
74 
73 
77 
COOLING Qill ( Continued) 
~~~~~~~~~-~ ~~-~~~~~ 
2:00 5:00 8:00 11:00 2:C,0 
Dt:1.te 'l'emparature AM AM AH AN FI,. 
1951 --·--·-·-
August 10 Cutsido temp. 72 
H.oom temp. ?J 
Inlet wsitor temp, 71 
Outlet 1;rn.t,-=n:- t(mlp. 76 
. 11 Outside temp. 
Room temp. 80 
Inlet water t,::imp. 65 
Outlet water temp. 72 
Aug. 12 Outside ternp. 72 
Eoom temp. 72 
Ink1t uater temp. ?O 
CJutlet water temp. 75 
Au.3. 13 Outside tGmp. ?Li. 
. 14 
Aug. 15 
Room temp. 
Inlet :.,n:.=t.tErr ternp. 
Cutlet uatz~r temp. 
72 
77 
Cutside temp. ? 3 
Room temp. 75 
Inlet writer temp. 75 
Outlet wator temp. 76 
Outside temp. 
H.oom tem};,. 71+ 
Inlet. uat.e:'.' , 70 
Cn.1tlot lJat,2,2~ t<at1p .. ., 
T3 
69 
75 
65 
69 
65 
72 
69 
72 
7l ... 
72 
73 
71 
76 
73 
?I+ 
73 
74 
75 
73 
75 
77 
73 
71 
75 
70 
70 
66 
?2 
77 
73 
71;, 
70 
72 
67 
77 
3L, 
711-
73 
75 
i""f"'o, 
I ;,) 
71 
76 
82 
74 
74. 
77 
82 
7 "• 
.:.::. 
72 
74 
84 
7!e 
7L:. 
311, 
'73 
7 ,, 
. ·~ 
76 
95 
7.5 
75 
76 
c~if._ 
oo 
74, 
71; 
7.5 
'7 I (1,;.-
77 
o;:, I (.,),::i, 
'"!';\ I _, 
?5 
74 
77 
79 
90 
75 
71) 
81 
76 
r,17 
{ ' 
7 
7 
,---....-------------------5: 8:00 11:00 
,Jb __ __l:L__. PM 
73 
7!:, 
,, ,. 
c) 
75 
68 
74 
90 
77 
17'1 
'I 
80 
93 
'78 
79 
E~2 
97 
78 
so 
85 
77 
()9 
r/~! 
67 
73 
,.., ..., 
Q,C:. 
75 
73 
77 
82 
77 
'76 
GO 
83 
79 
7t~ 
81 
77 
75 
79 
75 
75 
75 
G7 
70 
73 
r/5 
72 
70 ,) 
77 
75 
?!, 
78 
77 
77 
76 
"10 t / 
"'•? bh, 
75 
72 
77 
71 
73 
67 
74 
C(.J.;J.JJ1G DATA ( continued) 
--
--------?.nn 
1-.,.,. \,. ,._, 5:00 8:00 11:00 2:00 5:00 El:CO 11:00 
i}~, te 'l'empero.ture -·- Ali._ ___ " AN 1\li l'ii: ..L Hi PM ... fl,I ____ il-I 
1951 
Au,~;. 16 GtJ.tsi(:,.:=: tnrnp., ( ... (~ .._)\,.} 73 83 9C 80 74 
rlco:m tornp. 71 70 70 72 75 ?(, 74 
Inlst wat0r temp. 65 ~ ; •.::it; 7C 71+ 72 
(Jutlet 1-Jater te1r.rJe 73 ?2 ',') • "· 74 7t_) '7'"' ,o 76 
Aug. 17 Cut~Jide t0:Isp. '72 70 B1~ Q~ ir::i r,,/ ,..,. ':1'0 
H.oov tenp. 73 73 73 7rz j eo 76 73 
t water tan1:J~ 70 71 '71 72 i-1ry { I r r\ Ub 
Cutlet uater te:r:.1,:. 75 75 7r.:. _, 78 80 77 75 
Aug. 18 Gt1tside te11.1tJv 71+ 72 72 82 35 87 79 76 
}~oorn_ ter.Jp •. 73 73 r>-~- 7L;, 76 r79 7'~ (:, 75 
Inlet, ,:1~1ter ten~-11 <; ry2. 71 r"1. I_,_ 7Lt' r-;r"'J r I '7!3 7() 73 
Gutlot ~niter ter1p. 7() 76 76 77 80 '79 so 78 
Aug. 19 Outside trn,1p. 72 70 80 93 95 ~t' "';,-,J 85 T) 
H#oov1 ter;:}). '7 L: 73 7'3- 7 £;, '79 80 77 
Iniet w,1t.0r 'll 69 70 '7£: . f .) 
Cu.tlct 1Je,tor t0111p. 77 75 75 77 
. 20 Cn1tsi(lG . 7() 7,~, r:n 91; . (),~ 37 80 
}loorn terr·r). 75 ?5 8"~ 75 r-p·1 'I 7<-0 r; 75 
1~e.to1~ te1r.1). 
-- -- -- --
'7 ,-1'.) 75 76 N? r _ _,
Outlet W!:~ter temp. 
-- -- -- --
'7<':J ?'9 ?R 
" 
Aue. 21 Cntside .f".1'7 70 71 . I I 
74, 73 '7 3 72 73 7L 7~, ,;:: 
1/;a tGI." 7r, ,, ,j 70 7c: rt.r,; /U 7n ,V 
CutL,t uate:c temp. 77 76 75 75 75 75 74 73 
COOLING DA'J;':A ( continued) 
2:00 5:00 8:00 11:00 2:00 5:00 8:00 11:00 
Date Temnerat.ure AH 1\N AI'-1 AM PM PN ..1:~-f P!,I 
1951 
Aug. 22 Outside temp. 
-- -- -- -- --
74 73 70 
Room temp. 68 6B 68 68 69 71 72 71 
InlGt water temp. 69 68 68 70 67 69 67 64 
Outlet 1:1ater temp. 73 73 73 73 70 71 71 70 
Aug •. n Cutside temp. 68 67 69 72 77 81 79 72 
R.cc:rn temp. 70 70 72 70 72 73 73 72 
Inlet water temp. 68 62 63 65 72 74 73 70 
Outlet water temp, 70 70 69 71 71,~ 76 77 75 
Aug. 24 Outside temp. 70 69 75 86 91 91 BJ 78 
Roof.! temp. 71 71 71 72 74 76 77 75 
Inlet water temp. 69 68 79 77 '78 76 74 72 
Outlet wi:1fo~ temp. 74 74 74 78 8C 80 7g 77 
Aug. 25 Outsida tsmp. 75 73 82 79 94 92 80 77 
Room temp. 74 73 73 74 76 80 78 76 
Inlet -water temp. 70 70 73 71~ 78 78 76 73 
Cutlet water te1:1p. 68 76 77 77 79 31 80 7',.., 0 
Aug. 26 Outside temp. 76 76 77 90 90 77 76 75 
Room temp. 74 73 73 74 76 76 75 76 
Inlet water temp. 71 69 69 75 77 74 73 73 
Outlet water temp. 77 75 75 77 79 78 78 77 
Aug. 27 Outside temp. 73 74 82 84 98 95 86 83 
Room temp 74 73 73 74 76 77 78 75 
Inlet water temp. 71 70 71 72 
Outlet 1,m.far temp. 77 78 78 77 .. 
\.,.J 
(,)'J, 
COOLING lliITA ( co;.1tinued) 
-
~;00 5:00 H:00 11:00 2:00 5:00 $:00 11:00 
Date Terfil2erature AH AM Ai\1 AM PM PM PH P.M 
... 
1951 
.Aug. 28 Outside te:np. 80 78 86 96 100 99 89 84 
Room temp. 74 73 74 75 77 80 79 77 
Inlet water temp. 
-- -- -- --
79 79 77 71+ 
.Outlet water temp. 
-- -- -- --
80 81 80 79 
Ati.e. 29 · Outside temp. 80 ·n S5 96 102 101 90 8/+ 
Room temp. 75 7L~ 74 75 77 80 80 77 
Inlet water ter.ip. 71 69 70 76 
Outlet water temp. 77 76 75 78 
Aug. JO. Outside temp. 79 74 $5 99 1')2 1Jl 89 83 
Room temp. 75 74 74 77 79 79 79 78 
Inlet water temp. 
-- -- -- --
7S rra 76 75 
Outlet water temp .• 
-- -- -- --
80 81 80 78 
Auz. 31 Outside tem.1). 78 7t, 85 99 1.04 102 92 8Li. 
Room temp. 75 74 75 71,,. 77 78 78 76 
Inlet water temp. 70 6$ 71 76 78 . 78 76 73 
Outlet water temp. 77 75 75 78 80 81 80 78 
Sept. 1 Outside temp. 82 78 79 85 98 100 89 81 
Room temp. 75 74 74 75 77 78 78 76 
Inlet water temp. 71 71 73 76 78 78 76 73 
Outlet water temp. 79 79 79 80 82 81 so 79 
3ept. 2 Outside ·t.emp. 75 72 79 90 96 97 82 74 
Room temp. 75 74 75 75 77 79 79 76 
Inlet water temp. 72 70 71 76 so 81 76 72 
Outlet water temp. 77 76 76 78 81 8.3 _83 78 
\,:, 
,..0 
.Q.QQI,IHG ~ (continued) 
2:00 5:00 3:00 11:00 2:00 5:00 8:00 11: 
D,:1.te Ternperatux·e 
-
AM f&lv1 JQ4 Al-1 PH P}i PH _flL 
1951 
. 3 Out side tc;~p. 71 78 g7 93 91,, 85 79 
Room temp. 7l'c 7/f' 73 74 76 78 73 77 
Inlet water tem.p. '70 69 71 76 78 79 78 75 
Outlet watier te1:11p. 77 76 76 78 80 81 :'j.'"I 6.t 80 
Bept. 4 Outside temp. 75 72 72 33 92 95 B5 79 
Room temp. r7-I ') 75 71+ 7L, 76 78 78 76 
Inlet water temp. 73 71 69 71,, 77 7g 76 7!~ 
Outlet 1:ratcr teap. 78 77 76 77 79 81 80 79 
. 5, Outside temp. 65 67 69 so 811• 72 69 68 
Room temp. 7/i, 71 71 71 72 71;. ?4. 72 
Inlet veter temp. 68 66 66 66 70 72 69 68 
Outlet water t0mp. 76 74 73 73 75 75 75 74 
. 6 Outside ter:1p. 68 66 68 66 Y'/ '> (;, 75 '70 68 
Room ter,ip. 71 70 70 70 72 73 73 72 
Inlet. wcter temp. 67 67 67 
--
70 71 69 
Outlet water temp. ?3 73 73 
--
75 76 '75 '74 
~;ept. 7 Outside temp. 69 65 64 6L:. 65 65 65 6/+ 
.Room temp. 71 70 69 69 69 69 69 6e 
Inlet water ter:1p. 69 6S 67 67 69 71 71 69 
Outlet water temp. 73 72 72 72 71 71 71 71 
• 8 Outside temp. 6L:. 62 66 73 79 '78. 72 70 
Roon te:mp. 67 67 67 69 '71 73 73 71 
Inlet water temp. 6/1- 63 65 6'') 0 '70 71 
Outlet wat0r temp. 70 70 70 71 73 75 
COOLING DAJ:A (continued) 
-
----~-------~-------------------..~------~------·-·-·~--~ ........ ~~~~~~· ?:~JO 5:00 thllO 11:00 2:GO ;,oo S:00 11:0) 
Thte Temperntµro rCJ !~.:'; A'.f A~f pr,r PH P>i P>T is,51 : g • • ,a ..... 1-<! J!ii. ;p,---)t! .. 11' •• , ·.wi, 
Sept. 9 ·~ut,side temp. 69 70 (13 70 67 6:1 G:s 65 
f~,:,om temp. ?·21 69 (,9 69 71 
lnlot untcr t0::1p, - --
Outlet iJo.ter ter1p. 
:.,e:pt,. 10 Out side temp. 62 
Hoot1 tm.r~p. 6? 
Inlet w:-:•.·Le'\1 te;:ip. 61;, 
Outlet us, ter te:m1::,. 71 
(' ... ·11 0 ' • " ,I. ( 0 r.)01)1,. U'tiS1Ue s,(l.'l1)• t:;,, 
Roo;;1 tet1n. ?O 
Inlet wute:r tenp. 6$ 
Cut.let urJ,er temp. 73 
00;7t .. 12 Outside t01:1~1. ?.(. 
Roo•:1 to.,11P. 7J 
Inlet ~;aie:r. tc:rm:>. 71 
Outlet 'H~tcr temtJ. 76 , 
Sept. 13 Outoicle ten1). 5'7 
Hoom te:up.. 6/, 
Inlet vr&tcr -ce;:1p. 57 
Outlet ~m:l:.er temp., 67 
60 
67 
"') 1;:.';,. 
?0 
69 
7) 
6f} 
73 
7/~ 
·?:~ 
70 
75 
53 
63 
55 
65 
- -- -
- - -
69 83 SL} 
67 l,o, ~ ... 71 
62 67 71 
69 "i'l 74 
7'.S fJ(:i 87 
70 '73 75 
(i') 75 76 
73 76 78 
?3 63 67 
72 72 '7() 
71 65 (~5 
'75 73 72 
62 72 ?l,, 
63 63 69 
56 6J 6S 
65 71 73 
73 71 70 
70 6!{ 66 
76 7/., ?;J 
SJ ?3 69 
72 73 70 
71 69 u, 
73 71+ 73 
f~6 7r, '77 
76 75 7~. 
76 73 ''11 
79 7~! '17 
69 t<2 (1'0 
7'J 70 67 
61+ e>2 60 
71 ?O 69 
71+ GS 62 
71 73 72 
?3 72 69 
"15 75 73 
~ 
( ,,..n :-r!· . .; ,·1·•.,r,,,,~ ·)· V , . .,.,.~,..,.J,.,.._ t.4' ..... ·'l;_A 
~,.,.....-~----d•ll~ ............ 1$.!.4 M<'f -1" ~q'f!i17hl (J;jlf "!'~~~-~ 
~2 ; Of) 5 :- ::)') f5: (Y) 11: )f.} ;: : ()(J 5: <>C) 8: CK) 11: 1CJCl 
."£)n~to 'I·eJnp_o:t1 ot,1~:s.L-. .tL:··:{ _,./1,-:·.7 .,. ~)7-1 ... Jl;L-,.~~-----~ll-"'----t:Jw----= .. Nl•P>!, _. 
1951 
14. 
16 
'}h 
.,"f 
Inlc t water 
Outlet 
Outs:1.de 
t.0;11p. 
+Ml'"'\~"',. 
V\.~·•-::..1,:_;'f 
tc;::p. 
~\~~.tei'"' tor~:;, a 
Outlet 
?l 
·5"l 
65 
67 
53 
~~---~.,,.,....-•.,.•-~ ,.-.ii,.,...-~~.,.~ w·--, "'"" )/, 
f:•5 
78 
55 
61;. 63 
57 
t:'" )C:., 
60 
62 
61.,. 
... Ml!< 
6? 67 
....... 
"/7 
70 ?l 
73 7.r) 
(15 
GJ 
61 
?5 
?7' 
,.._ 
··-
t"'?.,.'!-
1';) 
6? 
60 
?'1 
---
t)5 
65 65 
6f) e:; 
6!1 
(/( ~?~) 
70 
-
-~ .... 
~ 
~ 
_,,__ 
DISCUSSIOH OF 'l':IE HEATING DJ1TA 
I" lJsing Doth. tlie Ceili:ng t.J.:nd Coils 
The temperature ranged 62° F t,o 70° F; 62° F ,,m.s recorded on n cold 
a:.:1 outside temperature of JO~ 5° F'. A rise in temperature of floor HtW notic<:ld 
to occttr :in th,, nfto:rnoon, and in the evening cU"id on i'air weather days. It 
was also notic:ed that a :floor tempere_ture of ?0° F was recorded when the out-
side teHpere.ti.rre was ne::ir freezing;. 'i'his high reading was observed when the 
occuparr!.;~1 were in the house. Ui1eler occupation the flc)or temperatt1re re:mained 
steady at ?0° F during the recording period. 
ThEJ l:I all Pine: 
._,_,_., ... --~
The temperature from F to 105°F. The lowest tc::t1peratt1re 
[581:;i F was recorded on a fair onts:ide ueather at 57° F. AB the outside 
ture dccret>.sed, the irall pipe tempero.ture sho,red gn increase. Thus, 10.3° F 
was recorded against an outside temperahu::'e of J6° F" 3:he outside te1:1perature 
was not recorded on Earch 11 1 1951 at 10 A. H, uhen the wall pipe tm,:1pernturo 
below freezing. The Hall tm,1perat1!l'.'e shoi,red a quick response tio t',he 
weather conditions in of the recorded cases~ o,lthough :tn one case :it; shot-Ted 
a temperature of B5° F on F'ebruary 29, 195;.; nt 9:00 A. l'L when the ou:t.side 
tem.peratur.e was only 4J° F. 
44 
a.gain.st an outs1de temperature of 57° 1", when the iieather was mild and no 
appreciable amount of' heat was required. The ws.11 to;,1pcrature showed a rise 
in tenperat,ure with the outi.dde colder weather and a tempera tu.re of 100° F 
was recorded at .30.5° F. Also a temperature of 102°F was recorded against 
36° Il' outside temperature.. 'l'he wull temperature showed a e;ood response to 
weather variations needs. It ,ms sometimes higher than. the temperature of tho 
wall pipe itself. 
4. Ceiling Pipe: 
'rhe tew.perut1....ire ranged between 81 ° Ii" o.nd 100° Ii'. The highest temperature 
was recoi·ded against, a:n outside weather of J6° t. Also a te:m.peraturo of 98° 
F mu; recorded on the outside temperature of JO. 5o JP. On the other hand, the 
lowest temperature recorded was S1 ° F (l,gainst an outside rather cold weuther 
of 41° Jt. This shows a weakness in the system to uithstand the variations 
in the outside weitther cond:i.tions .. 
5. ~ Ceiling !9lll.J?eratur~: 
The ceiling temperature show·ed a. very slight temperature di:C'ferential 
from that of' the ceiling pipe. It varied from 79° E' at the outside mild 
weather of' 79° F up to 96.5° F at the coldest re1..1orded teraperature of 30.5° 
F. Except on February 2?, 1952 and February 23, 1952 tempe:r.nture showed a 
stee.dily incrc1:\se with outside colds:1r weather. 
6. Th$;) iJater Pipe: 
The temperature showed a Vru'.'iation between 91° F and 105° F. The low-
fc<St tenpera-ti.:ire was recorded against t.he highest outside temperature re-
corded o.f 67° F. Uith nome exceptions it showed a mo!'e or less good rGspomse 
to heat demands in the house. 
G1:merally, considering tho surfnce temperatures of the Inside surf'1wes 
of the apartnent, as a combinat:1.oD they shoueu a ris0 :ln tvi,1per;,:1tur·e 1:rith 
eold outr.ddo troathor the c,xc:option of the floor which shmred a decrease 
in tE.,::1perature when the heat demands tncre::)sod cincl when a higher i1oor tcm-
per:Jtu.:rn would 1nore de;3irahlo. 
11" JJsing ~ Ceili.E,e Coils 01Jl;y; 
OI1 iiarch 10, 1952 and Uareh 11, 1952, uhen the outside tenperature was 
noor freezing the system did not L\mction properly duo to some u.nknoun 1:~eason. 
As the temp0rature rocorded on these tuo dnys are misloacling, the discussion 
of the 1,yst.0rn. oporrd,io•l does nc/G take these te1afJer0,tures in corn3icler:cJ;ion,, 
~rhe;; tenperatui:·o re:nged fro1:1 62° :w to 70° F" 'I'he louer temperatures were 
recorded in cold uenthcr conditions. The hie;lwr temperatures t1ere recorded 
either ch1r:i.ng: fair ucat,Jmr or in tho aft0r:no01rn. 
106° F. 
The temperature um-; noar the lower liml t during co.ld wenther, 
3. The Ceili11g Pip_e ~e~~ 
'.i'his tenpora,ture ranr;ed between f31~9 Ii' and 116° F. High temperatures 
wore recorded on. cold ueither, a tenpGrature of 112° Jr was recorded against 
0 
e.n outside tompere.ture of 1,,.0 F. 'l'he systmn did not show a qu:tck response to 
the heat de;•1anc1s as a c8iling pipe temperature of ,S4 ° was recorded against 
s.n outside ,.mnther of 30° 1!"' while a 92° J!"' tempert=:~tu.re uas recorded uhen the 
outside temperct,m·e '\tras either 35° F or 5L? F. 
This tomper:-,.tu.re varied between 84 and 110° F' and was always very close 
to ceiling pips temp3rature. 
5. 11E. ~ Pipe Ter.1perature: 
With the exception of one case it varied between 95° F and 125° F. 
Higher temperatures were recorded when big heat de1:1ands w'3re required. 
Comparison Betueen the Two Cases: 
---
The floor temperatures showed no variation bctueen the fa10 cases, in-
r.licating that there ma!r r,e a fault in the construction of the floor itself. 
Although t.hc hot uater circulation was cut froi:: the w:,.11 piping in the 
second case, the wall tem.porQ.ture was high enough to indicate hoth that the 
room temperaturG was r,o.tisfactory and th3.t the drop in the floor temperature 
was :mainly due to rapid leakage of heB.t through the floor area, re.ther than 
du<:) to a lack in the amount. of heat handled by the system. 
Tr.8 ceiling pipe shm-md that it is capable of handling the required 
amount of heat in the second c!'lse. Gn the other hand, the recorded tem-
perf1tureR in the first case did not di.splay n sutisfactor-y indication of i:,:w 
chnraeteristic ceiling pipe nnd ceiling ternperatures. 
The water-pipe ter~perature indicated a quick response to the heat de-
wands. This was more apparent in the second C8.se as the quantity of water 
cir0ulatcd ln this case wari less and the temperatures were higher than :Ln 
the first case. 
. THE DISCUSSION OF rrBE COOLUlG DATA 
The outoitl.e teI'l.perature varied between 105° F on 2:00 P. 7-f--.. , August 17, 
1951 and 52° F on September 16 and lH, 1951. The roo:m. temp0.rature in the 
first case i:;as 79° Fend rose to 80° F v:t 5:0D P. M. with an outside tempera, ... 
t-ure or 103° F. The highest. room temperature recorded was 82° F. This was 
observed at 5:00 P. H. 3 on July 22, 1951 ;'.llld was 11'Jeus1Jred agidnst on outside 
te:r,1peratur,J of' 97° F. The room temperature was 60° F on September 16 a.nd 
67° F on September lS when the outside temperature uas 52° F. The 60° F 
tempcratV".ce was the lowest inside temperat,ure recorded <luring the testing 
period. 
The :maximum daily temperature variation between day and night times 
was observed on August 18. It amotm.ted to 3or..1 F, when the tenrperature was 
72° Fat 2:00 A. M. and climbed to 102° Fat 2:00 P. M. The room temperature 
varied between 73° F. at 2:00 A. I-i. and 76° F at 2s00 P. M. but it climl)ed up 
to 80° F at 5:00 P. i\I. when the outside temperature was 96° F. 
The maximum daily room te1:1perature variation was of' the order of 10° F. 
It was recorded on September 13 between 5: rJo and 8.: 00 A. M. and 8: 00 P.. H., 
against an outside temperature differential of 22° F. A room tempGrature 
differential of '7° F ua.s recorded on August 1?, August 25 and August 28 with 
outside temperature differentials of 30° F, 21 ° F and 2.5° I? respec"~ively. 
·rhe 1uinimum. daily room tempe..:rature ve:riation uas 3° F against ru.1 out-
side tempere.ture variation of 15° F. This was observed on August 26, 1951. 
The room te::1:pers.ture variation on an averar~e day ranged between 4° F 
0 
and 50 F ove~~, the 24 hours. 
, ,·t 
,:+(J 
The inlet, cooling water had a maxim.um temperature of 83° F on August 6 
and August 7 at 5:00 P. H. The outside temperature :in the second cs.se was 
10.3° F, the outside temperattU"e in the first case could not be recorded but 
it seemed to be equally high. 
The lo·west inlet i.mter tem:;.oera.ture recorded during the testing period 
was 53° F on Augu.st 16 against an outside temperatlU"e of 52° F. Also, a 
temperature of 55° F. was observed on September 13 against an outside weather 
of 53° F .. In :most of the cases, the inlet cooling water temperature ranged 
between 70° F and 75° F when the outdoor temperature varied between 75° F 
and 95° F. It rose to above 80° F on the extremely hot days and followed 
the outside temperatures when they fell below 70° F ~. The inlet water tern-
perature was observed to be about 2° F below the room temperature in most 
cases although it 1.-ra.s higher in a few instances. 
The rise :i.n the outlet cooling water temperature above the inlet cool-
ing water temperature varied ·between 1° F and 7° F, but in most of the cases 
H, was observed to be of the order of 5° F. 

I. THE HEATnm LOAD 
As seen from the data collected during the heating season, the floor 
temperature never rose above 70° .F. Many authorities elaim that this tem-
perature should be the minimum. limit for the floor surface temperatm-e. Re-
ducing this temperature below 70° F was found to be objectionable even 1n 
the summer time to elderly people and to those who are subject to rheumatism. 
The floor construction is a 2-inch concrete slab above the gravel layer. 
No insulation has been applied to the floor. This floor has an estima.ted 
U-faetor of o.;o which increases the heating load by 32 .. 7 percent over a 
floor that has a U-factor of 0.10. This comparison is obtained from the 
heating load calculations. The test data and the load caleula.tions indicate 
that the floor is the v1ea.k link of the heating experiment. The most obvious 
reason for this is the poor construction ot the floor itself.. The system 
seems to be quite eapa.ble of handling the required amount of heat. It keeps 
the temperatures of the valls and the ceiling reasonably high, but due to 
the quick leakage of heat from the space to the groundj a sufficiently high 
floor surface temperature eould not be attained especially under severe cold 
weather aonditions. 
It appears highly desirable to cover the floor with a 2-inch cork slab 
which would prevent the quick leakage of the heating load from. the space to 
the ground and which would in all probability keep the floor surface tem-
peratm-e reasonably high. 
Also, it is observed that the door and windows are rather poorly fitted 
and none of them weather-stripped or equipped with a storm sash. This in-
creases the heating load considerably in severe \.reather due to the great 
amount of infiltration taking place especially with cold stormy weather. 
51 
Use of weather-stripped or storm-sashed windows and door is highly reeommend~d .. 
Calculations show that such door and windows may effect a decrease in. the 
heating load by as much as 24.75 percent. 
II. THE COOLil{G LOAD 
The room temperature was found to be very close to the outside tempera-
tw.e in the period between 11:00 P. M. eveiy night and 5:00 A. M. on the 
following morning. But a temperature differential between the indoor and 
the outdoor conditions would rise to about 1;° Fin the period between 
2:00 P. M. and 5:00 P. M. This t,emperature differential was observed to 
climb to 27° F on August 31, 1951, with an outside temperature of 104° F and 
an indoor -temperature of 77° F. Also, a temperature differential of 26° F 
was observed on August 7 at 2:00 P. M .. and on August 17 at 2:00 P •. M. 
On many a cold morning, the indoor temperature was several degrees 
above the outside temperature. 0 The room temperature was found to be 14 F 
above the outdoor temperature at 2iOO A. M. on August 11. Also, a difference 
of' 1.3° F was noticed on September 14, at 5:00 A. M. 
From the above observations, it may ho concluded that the cooling sys-
tem is capable of cooling the apartment even in t,he extremely hot weather 
conditions when t,he cooling load exceeds 24,000 Btu/hr. More comfortable 
conditions could be maintained in the apartment if' the control system is 
applied to the cooling system.. By means of control system, uncomfortably 
low temperatures could be avoided on cold mornings. The system would be 
S2 
set to stop the flow of cold circulating water if the indoor temperature fell 
below a certein limit. Also, the system could respond quickly to the chang-
ing reqtrl.rem0nts imposed :by otrtsj.de-temperature fluctuations. 
The foregoing discussion d.ealt with the dry-bulb temperature. It is 
known that the wet-bul.b temperature measures the total heat j_n the air and 
is, therefore, a basic factor in jud.g5.ng t,he cooling capacity of ·the system 
ns well as its effe.et on human comfort. Unfortunately, due to some technical 
difficulties, correct values of the relative humidity could not be obtained 
and consequently, the wet-bulb temperatures couJ.d not be evaluAted~ 
APPENDIX 
Af'Pt1DDIX 
St:)lc3cted avsr11ge outside dry bulb temperatures for coolinf load <1'3-
Cklahoria. 
6:00 i\. r,,, '.\,,. 75.fi, 
7:00 A. 1~'.1 <I ?7.3 
8:0·0 }\.,, 80. 3 
9:00 11. M. .9 
10:00 ' }:'.~;. ') _!-~. . ,_ 
11:,JO 4,, M. 92. ,.. :, 
L?:GO lfoon 95. 7 
1:00 i:·. ·J • .f'::.., 
2:00· ·.~ I' .t'. . J 
3:00 .P. I'i !I .7 
L;.:00 i:,1" 100.1 
5:00 P. !~1. 99. 5 
():00 T::i ,L • 97.7 
r7 ! ()(1 P. H. 94, 5 
8:00 P. r1. 90.l 
9:00 P. M. ? ....... 
10:00 P. r,1. 67 .0 
55 
11:00 P. n. .o 
12: 00 i.;idni gh t 
l;Q·Q i{e SL, .• O 
82.0 
:3:00 A, I-l. 80.() 
!,,:00 A. H. .0 
5:00 A. 
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